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Lignin peroxidase is promising ingredient for skin whitening cosmetics because it is capable of 
oxidizing melanin with high redox potential. Crude lignin peroxidase from fungal fermentation is 
usually utilized owing to its difficulties of expression and purification. Lignin peroxidase is hard to 
express and purify so it was usually applied as crude form for cosmetics. In this study, lignin peroxidase 
isozyme H8 (LiPH8) from Phanerochaete chrysosperium was expressed in E. coli and purified for 
further use of melanin decolorization. The pH optimum for the decolorization of melanin was pH 4.0. 
Melanin decolorization efficiency was reached to 73% by intermittent addition of hydrogen peroxide 
(H2O2), since excessive concentration of H2O2 converts LiPH8 into compound III which is the 
inactivated form of lignin peroxidase. Considering that the intermittent supply of H2O2 is not practical 
for cosmetic applications, glucose oxidase from aspergillus niger (GOx) was utilized for in-situ 
generation of H2O2. GOx and β-D-glucose concentration was optimized and melanin decolorization 
efficiency reached 63.3% within 1h. LiPH8 retained its activity for 8h with 84.0% of melanin 
decolorization efficiency. With these results, melanin decolorization catalyzed by LiPH8 with H2O2 
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Nomenclature 
LiPH8: Lignin peroxidase isozyme H8 from Phanerochaete chrysosporium 
GOx: Glucose oxidase from Aspergillus niger 
Glucose: β-D-glucose 
VA: 3,4-Dimethylbenzyl alcohol, veratryl alcohol 
H2O2: Hydrogen peroxide 
PTCA: Pyrrole-2,3,5-tricarboxylic acid 
L-DOPA: L-3,4-dihydroxyphenylalanine 
TRP: Tyrosinase related protein 
E. coli: Escherichia coli 




Melanin is pigmented polymer that mainly determines the color of the skin. Melanin is produced by 
specialized epidermal cell called melanocyte and multiple genes regulates it [1]. Melanin also protects 
the skin from UV radiation by absorbing or refract it away from skin tissues [2]. Humans have two 
types of melanin: pheomelanin and eumelanin. Eumelanin have a brown or black color but pheomelanin 
shows a red or yellow color [3]. Asians have more darker color since relatively high concentration of 
eumelanin on their skin [4]. 
Therefore, especially for Asians, demand for skin whitening is increasing and researches on 
decolorization of melanin are ongoing actively. Generally, in whitening cosmetics, the active ingredients 
which prevent the production of melanin in the skin are obtained from natural sources. These ingredients 
inhibit melanin production through tyrosinase inhibition, pigment synthesis inhibition and other 
mechanisms [5]. Among them, most researchers focused on tyrosinase inhibitors to reduce production 
of melanin [6,7]. For example, rhododenol hinders the reaction which converts L-DOPA (L-3,4-
dihydroxyphenylalanine) to DOPAquinone and blocks melanin biosynthetic pathway as a result. 
Azelaic acid [9], kojic acid [8], aloesin and arbutin [10] are also well-known chemicals as tyrosinase 
inhibitor which are employed for cosmetics. Besides tyrosinase inhibitors, there are other alternative 
mechanisms such as antioxidants which prevent oxidative damage of skin, tyrosinase related protein 
inhibitors, melanosome transfer inhibitors. Butin obtained from Spatholobus suberectus effectively 
inhibits tyrosinase related proteins and frequently used as whitening agent [11]. However, these 
chemical inhibitors of melanin synthesis were found to have potential side effects like vitiligo [12]. 
Accordingly, the whitening efficacy was evaluated by Tain et al. (2009) for arbutin containing cosmetic 
products on a human skin pigmentation spot models and concluded that the 3% arbutin has whitening 
effect to certain level but arbutin can result in cytotoxicity in higher concentration [13]. Therefore, the 
use of melanogenesis inhibitor for whitening cosmetics should be refrained. For this reason, studies of 
enzyme-catalyzed melanin decolorization are underway since enzymes have great advantage of high 
selectivity and less toxicity compare to chemicals. Lignin peroxidase, manganese peroxidase, dye-
decolorizing peroxidase and laccase are previously tested for decolorization of melanin [14-18]. Lignin 
peroxidase is the most promising enzyme among them to decolorize melanin efficiently sine it has high 
redox potential which can oxidize veratryl alcohol (VA). Therefore, lignin peroxidase is expected to 
oxidize the melanin easily than other enzymes which have lower redox potential for melanin oxidation 
[19]. However, in spite of its high potential as skin whitening agent, lignin peroxidase was studied only 
as crude form due owing its difficult expression and complicated purification since 17 isozymes which 
have similar properties are included in the original host, Phanerochaete chrysosporium [20]. Moreover, 
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lignin peroxidase is vulnerable to inactivation in high concentration of hydrogen peroxide (H2O2) and 
melanin decolorization is also result of oxidation of melanin which consumes H2O2 as fuel [21]. So, 
inactivation of lignin peroxidase by H2O2 is a main obstacle to get high melanin decolorization 
efficiency. 
In present work, to get the enzyme with high purity, lignin peroxidase isozyme H8 (LiPH8) was 
expressed in Escherichia coli. Recombinant LiPH8 was further utilized for melanin decolorization, 
instead of crude enzyme from the culture media of white-rot fungi as Woo et al. [18]. Furthermore, H2O2 
generation system by glucose oxidase (GOx) and glucose was incorporated with LiPH8 for 
decolorization of melanin to prevent inactivation of lignin peroxidase by high concentration of H2O2. 
Since GOx can generate H2O2 continuously with low concentration from molecular oxygen and β-D-
glucose (glucose), significant increase of melanin decolorization efficiency was expected. Thus, this 




Scheme 1. Outline of melanin decolorization catalyzed by lignin peroxidase and glucose oxidase. The 
redox mediator, the veratryl alcohol cation radical decolorizes eumelanin and change it into PTCA 
(pyrrole-2,3,5-tricarboxylic acid) which is possible candidate of oxidize form of melanin.
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2. Results and discussion 
 
 To satisfy the increasing demand for active reagents for the skin whitening cosmetics, the cosmetic 
companies have started to incorporate the chemicals such as tyrosinase inhibitors [22], glutathione [23], 
hydroquinone [24, 25], topical corticosteroids [26], topical retinoids [27], cysteine [28], and other 
reagents [29, 30]. These chemical active reagents can be obtained by synthesis or extraction from natural 
organisms and these substances disrupt the melanin biosynthesis in melanocytes epidermis [5]. 
However, the greater part of these reagents has revealed to be cytotoxic. So, it is questionable for their 
use as cosmetic ingredients. Therefore, the present study utilized enzyme to replace harmful chemical-
based ingredients as active reagent for skin whitening cosmetics. Additionally, enzymes have 
advantages like high selectivity and specificity with no toxicity [31]. Therefore, this research strives to 
apply the recombinant LiPH8 for melanin decolorization as non-toxic active ingredient in whitening 
cosmetic formulations. 
 Initially, the optimum pH and ionic strength was determined then H2O2 effect on decolorization of 
melanin was analyzed. The effect of H2O2 should be determined, since the high concentration of it can 
inactivate lignin peroxidase [21]. Accordingly, continuous supply of low-concentration H2O2 was 
required to get the highest melanin decolorization efficiency. In order to achieve this goal, GOx was 
utilized for H2O2 generation with melanin decolorization catalyzed by LiPH8. 
 
2.1 Melanin decolorization efficiency with different pH and ionic strength conditions 
 VA cation radical (VA·+) is a redox mediator for melanin decolorization which is produced from VA 
by lignin peroxidase (Scheme 1). Since VA is oriented from white-rot fungi as natural compound, it has 
the advantage of less toxicity than synthetic mediators [32]. Melanin decolorization study with crude 
laccases were reported previously [14]. They showed that the laccase decolorized melanin well in pH 
4.0 to pH 6.5 and laccase had optimum pH in this range. Similarly, in this experiment, the effect of 
varying pH from 3.0 to 6.0 on 1 h melanin decolorization was analyzed. In case of LiPH8, specific 
activity for VA was highest at pH 3.0. However, melanin was precipitated at pH 3.0 and could not 
observe melanin decolorization (Fig. 1). Synthetic melanin has carboxyl group which has advantage for 
solubility in high pH condition (Scheme 1). Addition of LiPH8 accelerated the melanin precipitation 
due to aggregation of melanin and the enzyme. Melanin precipitation also occurred at ionic strength of 
500 mM and 1000 mM while melanin decolorization was observed in lower ionic strengths 0 mM and 
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100 mM (Table 1). Therefore, the subsequent experiments were conducted in BR buffer with 0.1 M of 
ionic strength. Melanin and redox mediator should directly interact or the melanin decolorization will 
be reduced since the VA cation radical has a very short lifetime [33, 34]. The melanin decolorization 
efficiency was significantly decreased at pH 5.0 and pH 6.0 while it reached over 30% at pH 4.0 in 1 h 
since the optimum pH of LiPH8 for VA oxidation was around pH 3.0. It is clear that high specific 
activity of LiPH8 for VA is essential for higher decolorization efficiency (Fig. 1). Therefore, all the 
melanin decolorization were carried out in pH 4.0 for the following reactions. 
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Figure 1. Effect of pH on melanin decolorization efficiency (bar graph, left axis) and specific activity 
of LiPH8 for VA (line graph, right axis). Melanin decolorization was conducted in BR buffer, 0.06 U/mL 
LiPH8, 250 μM H2O2, 50 mg/L synthetic melanin and 2 mM veratryl alcohol for 1 h. Specific activity 




Table 1. Effect of ionic strength in BR buffer on melanin decolorization 




Picture of melanin 
decolorization 
0 31.55 ± 0.60 
 
100 32.55 ± 0.40 
 
500 Melanin precipitation 
 
1000 Melanin precipitation 
 
Reaction was carried out under 0.06 U/mL LiPH8, 250 μM H2O2 2 mM veratryl alcohol, and 50 mg/L 
synthetic melanin in BR buffer pH 4.0 with different ionic strength.
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2.2 Inhibition by excessive concentration of H2O2 on melanin decolorization 
 Since H2O2 acts as final electron acceptor of melanin decolorization by LiPH8, more H2O2 is needed 
for better melanin decolorization. However, lignin peroxidase is vulnerable to inactivation in high 
concentration of H2O2 by formation of compound III or heme rupturing [21]. It is reported that 
inactivation of lignin peroxidase by H2O2 can be subdued by VA [35] which is key mediator for 
decolorization of melanin (Scheme 1). 
 Melanin decolorization efficiency reached to 31.9 % with 250 μM of H2O2 and then decreased along 
with increasing concentration of 250 μM of H2O2 (Fig. 2). This result shows the inhibition effect of 
H2O2. However, the specific activity of LiPH8 for VA was increased as the H2O2 concentration increases 
which clearly suggests that H2O2 boosts the short-term reaction (within 1 min) and inhibits the long-
term reaction like melanin decolorization (within 1 h). These results imply that additional H2O2 is 
required for higher melanin decolorization efficiency but should keep the concentration of H2O2 low. 
Therefore, the present study made an effort to supply low concentration of H2O2 continuously which 
may improve the overall melanin decolorization efficiency. 
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Figure 2. Effect of H2O2 concentrations melanin decolorization efficiency (bar graph, left axis) and 
specific activity of LiPH8 for VA (line graph, right axis). Melanin decolorization was conducted with 
0.06 U/mL LiPH8, 50 mg/L synthetic melanin and 2 mM veratryl alcohol in BR buffer pH 4.0 for 1h. 
Specific activity of LiPH8 for veratryl alcohol was measured with 0.02 μM LiPH8 and 2 mM veratryl 
alcohol in pH 3.0 condition. 
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2.3 Effect of intermittently supplied H2O2 on melanin decolorization by LiPH8 
 The intermittent addition of H2O2 was carried out to support the assumption that the melanin 
decolorization efficiency can be improved by preserving H2O2 concentration low and keep supplying 
H2O2. As a result, melanin decolorization efficiency was reached to 73% which is more than twice as 
high as 31.9% in former experiment. The results showed that the critical point of H2O2 concentration 
which can inactivate LiPH8 is around 325 μM (Fig. 2, Fig. 3). However, melanin decolorization was 
inhibited in the case of 1400 μM of H2O2 with 12 min time interval even the instantaneous concentration 
of H2O2 was not exceeding 280 μM (Fig. 3). It seems that the amount of LiPH8 was not enough to 
catalyze H2O2 in 12 min. However, adding more enzyme will not improve melanin decolorization 
efficiency since it is saturated with around 1000 μM of H2O2 and approached to 73%. Except for the 
case, addition of H2O2 with lower instantaneous concentration than 300 μM did not hindered melanin 
decolorization by LiPH8. This result confirmed that melanin decolorization can be improved effectively 
by intermittent addition of H2O2 with time intervals which prevents inactivation of LiPH8. Still, it is 
not possible to spread H2O2 several times on the skin in case of cosmetic applications. Therefore, the 




Figure 3. Decolorization of melanin with intermittently added H2O2. The reaction was conducted with 
0.06 U/mL LiPH8, 50 mg/L synthetic melanin and 2 mM veratryl alcohol in pH 4.0 condition. The total 
H2O2 was divided equally into 1, 2, 3, 4 and 5 parts and added at every time intervals of 60 min (●), 30 
min (○), 20 min (▼), 15 min (△) and 12 min (■) for 1 h. 
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2.4 LiPH8-catalyzed melanin decolorization using GOx for the generation of H2O2 
 Before the optimization, the control experiment was conducted by adding or not adding GOx, glucose, 
LiPH8, VA and H2O2. Meaningful melanin decolorization efficiency was detected only in two cases: 
reaction with LiPH8, VA and H2O2, reaction with GOx, glucose, LiPH8 and VA (Table 2). First case 
supports that melanin decolorization is done by LiPH8 and the second case supports that GOx and 
glucose can generate enough H2O2 for the reaction. 
 Glucose oxidase is known to produce H2O2 from glucose and molecular oxygen [36]. Thus, for the 
generation of H2O2, present study utilized glucose oxidase form Aspergillus niger (GOx). GOx is 
suitable for the melanin decolorization in pH 4.0 since it has optimum pH between pH 4.0 and pH 7.0 
[37]. To analyze the influence of GOx concentration, melanin decolorization with LiPH8 was performed 
with varying units of GOx (Table 3) Melanin decolorization efficiency increased with the increase of 
GOx units. However, LiPH8 could not decolorize melanin without addition of GOx (Table 3). From 
this result, it is proven that GOx can generate H2O2 which is indispensable for melanin decolorization. 
 Effect of glucose concentration was also analyzed with the experiment in varying concentration of 
glucose since the generation of H2O2 is directly affected by it. As the concentration of glucose increases, 
melanin decolorization efficiency also increased and saturated around 100 mM of glucose (Table 4). 
However, minus value of decolorization efficiency was observed at the concentrations lower than 1 mM 
which implies that insufficient melanin oxidation resulted in intensifying of its color [38, 39]. The 
optimum concentration of GOx and glucose was obtained at the highest concentration of 0.24 U/mL 
and 300 mM respectively as shown in Table 3 and Table 4 since the substrates had no inhibition effects. 
 Melanin was gradually decolorized, and the color got lighter with time as shown in Fig. 4. Melanin 
decolorization efficiency reached 43.5% within 20 min and 63.3% in 1 h (Fig. 4). As the concentration 
of dark colored melanin decreases, the decolorization rate was also decreased. But LiPH8 was still 
active to achieve 84.0% even after 8 h and 86.9% at 24 h. Melanin decolorization efficiency could not 
achieve over 90% due to the deficiency of available melanin to be decolorized. These results strongly 
support that the GOx can supply low concentration and sufficient amount of H2O2 continuously which 
prevents LiPH8 from inactivation at least for 8 h. However, the human skin pigmentation spot model 
should be applied for future study since the genotoxicity or cytotoxicity of the substrates of melanin 
decolorization are not proven to be safe yet. 
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Table 2. The effect of reaction components of melanin decolorization 




GOx Glucose LiPH8 VA H2O2 
+ – – – – -0.20 ± 0.00 
– + – – – -0.40 ± 0.28 
– – + – – -0.99 ± 0.00 
– – – + – -0.20 ± 0.00 
+ + – – – 0.59 ± 0.83 
– – + + – -2.24 ± 0.70 
– – + – + -1.01 ± 0.34 
– – – + + 3.25 ± 1.40 
– – + + + 32.89 ± 0.94 
+ + + + – 63.26 ± 2.36 
0.24 U/mL GOx, 300 mM glucose, 0.06 U/mL of LiPH8, 2 mM veratryl alcohol and 250 μM H2O2 were 
used for the reactions in pH 4.0 condition. 
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Table 3. Decolorization of melanin with varying concentration of GOx 
The reactions were carried out with 0.06 U/mL LiPH8, 300 mM glucose 50 mg/L synthetic melanin and 
2 mM veratryl alcohol in pH 4.0 condition. 
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Table 4. Decolorization of melanin with varying concentration of glucose 
 
The reactions were carried out with 0.06 U/mL LiPH8, 0.24 GOx, 2 mM veratryl alcohol and 50 mg/L 





Figure 4. The time profile of melanin decolorization efficiency catalyzed by LiPH8 and GOx. The 
melanin decolorization time profile in 1 h is included as inset. Melanin decolorization was conducted 
in pH 4.0 condition, 0.06 U/mL LiPH8, 300 mM glucose, 0.24 U/mL glucose oxidase, 50 mg/L synthetic 






 The present work aims to show the effectiveness and efficiency of recombinant LiPH8 expressed in E. 
coli for melanin decolorization. LiPH8 and GOx were co-catalyzed to improve the melanin 
decolorization efficiency. LiPH8 was able to get over the inhibition effect of excessive H2O2 
concentration with GOx by supplying low concentration of H2O2 continuously. Through this method, 
melanin decolorization efficiency reached 63.3 % within 1 h and achieved 84.0 % in 8 h which proved 
the potential of co-catalysis of LiPH8 and GOx in whitening cosmetic formulation. 
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4. Materials and methods 
 
4.1 Materials 
Hydrogen peroxide was purchased from Daejung Chemicals & Metals, South Korea. β-D-glucose, 
boric acid (H3BO3), calcium chloride (CaCl2), glucose oxidase from Aspergillus niger (GOx), hemin, 
L-glutathione oxidized, potassium chloride (KCl), sodium hydroxide (NaOH), synthetic melanin, 
trizma base, trizma hydrochloride and urea were obtained from Sigma-aldrich, USA. Expression vector 
pET-21b (+) (Novogene, USA) and Escherichia coli BL21 (DE3) (Real Biotech Corporation, Taiwan) 
were employed for the overexpression of protein. BugBuster® Master Mix (71456-4) was procured for 
cell lysis from EMD Millipore, USA. For the induction of gene expression, isopropyl β-D-1-
thiogalactopyranoside (IPTG) was obtained from Duchefa Biochemie, Netherlands. HiTrap Q HP anion 
exchange column was utilized for fast protein liquid chromatography (FPLC), which was purchased 
from GE Healthcare BioSciences, USA. Guanidine chloride, phosphoric acid (H3PO4), sodium acetate 
(CH3COONa) and veratryl alcohol (3,4-dimethoxybenzyl alcohol or VA) were obtained from Tokyo 
Chemical Industry (TCI), Japan. Acetic acid (CH3COOH) was procured from Junsei, Japan.  
 
4.2 Expression and purification of recombinant lignin peroxidase H8 
 The gene encoding LiPH8 from Phanerochaete chrysosporium (UniprotKB entry: P06181) was 
optimized and synthesized by Bioneer (South Korea). Expression, refolding and purification procedures 
were derived from previous research [40]. The synthetic gene encoding LiPH8 was subcloned in pET-
21b (+) expression vector and transformed to E. coli BL21 (DE3) for heterologous expression of LiPH8 
[41]. 1mM IPTG was added for induction and cell was harvested. BugBuster® Master Mix was used 
for cel lysis. Inclusion body from lysate was obtained by centrifuge (11000 rpm, 4 °C, 10 min). 
Sonication (Pulse on and off: 1 s and 2 s, amplitude: 20% for 2 min) and additional centrifugation 
(11000 rpm, 4 °C, 10 min) was conducted for three times to remove impurities and to get clean inclusion 
bodies. The color of inclusion bodies should be monitored to prevent burnt of it. 8 M urea was used to 
dissolve the inclusion bodies. The refolding was carried out in the condition of 0.1 Tris-buffer (pH 8.5), 
25 μM hemin, 0.71 mM L-glutathione oxidized form, 1.8 mM CaCl2 and 0.36 M guanidine 
hydrochloride. The refolded protein was dialyzed and purified through ÄKTA FPLC chromatography 
system (GE Healthcare Life Sciences, USA) with HiTrap Q HP column. After purification, LiPH8 was 
dialyzed and stored in pH 6.0, 10 mM sodium acetate buffer. 
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4.3 Lignin peroxidase activity assay for VA 
 The enzyme activity assay was conducted in Britton-Robinson buffer (BR buffer) with ionic strength 
of 0.1 M and pH 3.0 as initial experiment to set the standard [42], 0.02 μM LiPH8, 2 mM VA and 250 
μM H2O2 using spectrophotometer (UV-1650PC, Shimadzu, Japan) at 310 nm within 1 min. The 
temperature was fixed to 25°C by using circulator. Specific activity was calculated with extinction 
coefficient of veratraldehyde (ε310 nm = 9.3 mM
−1 cm−1) since one veratryl alcohol converts to one 
veratraldehyde [43]. For specific activity assay with different pH, above-mentioned concentration of 
LiPH8, H2O2 and VA were used in 0.1 M BR buffer with varying pH from 3.0 to 6.0. Effect of H2O2 
concentrations ranging 0 μM -550 μM was also analyzed. One unit LiPH8 is the amount of enzyme 
which can oxidize 1 μmol of VA and turn into veratraldehyde per minute. 
 
4.4 Melanin decolorization catalyzed by LiPH8 
 Melanin decolorization with varying pH was carried out in BR buffer ranging from pH 3.0 to pH 6.0 
with 0.06 U/mL LiPH8 and 250 μM H2O2, 2 mM VA for 1 h. All the melanin decolorization experiments 
are conducted with 50 mg/L synthetic melanin under 100 rpm stirring with magnetic bar at room 
temperature with no exception. The ionic strength was controlled with KCl concentration and the effect 
of ionic strength ranging from 0 mM to 1000 mM on melanin decolorization was also investigated. The 
reaction was begun with the addition of H2O2 in reaction mixture contains BR buffer, LiPH8, VA and 
synthetic melanin with 2 mL of final volume. The unit of LiPH8 was determined by initially measured 
enzyme activity for VA at pH 3.0. 
 The melanin decolorization efficiency was estimated from the absorbance difference between reaction 
solution and control solution. Absorbance was measured by UV/vis spectrophotometer at 540 nm 
wavelength after 1 h reaction. Melanin decolorization efficiency was calculated using Eq. (1). Only 
H2O2 was excluded for the control experiment compare to the reaction solution. All the experiments 
were conducted twice and reported as mean ± S.D. 
Decolorization efficiency (%)  =
𝐴540 𝑐𝑜𝑛𝑡𝑟𝑜𝑙−𝐴540 𝑎𝑓𝑡𝑒𝑟 1ℎ 𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛
𝐴540 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
 ×  100         (1) 
Melanin decolorization to analyze the inhibition effect of excessive H2O2 concentration was conducted 
using 0.06 U/mL of LiPH8, 2 mM VA and 50 mg/L synthetic melanin in pH 4.0 BR buffer with varying 




4.5 Melanin decolorization catalyzed by LiPH8 with intermittent addition of H2O2 
 The melanin decolorization was carried out in pH 4.0 BR buffer with aforementioned condition except 
for H2O2. Total concentration of H2O2 up to 1400 μM was divided and added with 12 min, 15 min, 20 
min, 30 min and 60 min intervals for 1 hour to support that the instantaneously high concentration of 
H2O2 is the major inhibition factor of LiPH8. 
4.6 Melanin decolorization catalyzed by LiPH8 with in-situ generated H2O2 by GOx 
 GOx was applied for H2O2 generation on decolorization of melanin by LiPH8 instead of adding H2O2 
directly. Decolorization of melanin was performed in BR buffer (pH 4.0), 300 mM β-D-glucose with 
glucose oxidase ranging from 0 U/mL to 0.24 U/mL rather than adding H2O2. LiPH8, VA and synthetic 
melanin concentration was fixed as previous section. BR buffer was vortexed to dissolve enough 
molecular oxygen for GOx. The reaction was initiated with the addition of GOx in 2 mL reaction 
mixture. Definition of one unit GOx is the amount of enzyme which catalyzes glucose and produce 1 
μmol of H2O2 per minute. The GOx unit was determined based on the label of product. Glucose 
concentrations from 0 mM to 300 mM were used to analyze the effect of glucose varying concentrations 
on decolorization of melanin with aforementioned condition for 1 h. The control experiment was 
conducted with identical condition as mentioned above without adding glucose oxidase. The control 
experiments for all the other substances were also conducted to figure out the effect of each and every 
component of the reaction such as GOx, glucose, LiPH8, VA and H2O2. All the reactions were performed 
twice and reported as mean ± S.D. 
 
4.7 Time profile of melanin decolorization catalyzed by LiPH8 using in-situ generated H2O2 
 The reaction was carried out with 0.06 U/mL LiPH8, 0.24 U/mL GOx, 300 mM glucose, 50 mg/L 
synthetic melanin and 2 mM VA in pH 4.0 BR buffer for 24 h for the melanin decolorization time profile. 
The reaction was started with the addition of glucose oxidase. The reaction solution was collected every 
10 min for the first 1 h than at 2 h, 4 h, 6 h, 8 h and 24 h. The decolorization efficiency was measured 
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